DC potential-reinforced bulk-liquid membrane transport (PR-BLMT) was studied using Fe (II)-1,10-phenanthroline complex (Fe-Phen) as a model, for the first time. Indeed, this electro-enhanced ion transport study was performed by combination of the electro-membrane extraction (EME) and bulkliquid membrane transport (BLMT). Iron (II) ions were transported from 3 mL aqueous solution (pH=4.3) into 1.5 mL of 1.0 M HNO 3 solution through 12 mL dichloromethane containing 5×10 -3 M 1,10-phenanthroline. Ion transport was significantly improved by applying a DC voltage within the transport process. To maximize the transport, the important experimental variables including pH and volumes of donor and acceptor phases, ionic strength, type and volume of BLM, extraction time, DC potential, and type of electrode were studied. The results showed that exhaustive transport of Fe (II) ions through organic membrane was possible in the range of 0.2-27 µg mL -1 (R 2 =0.998) with a relative standard deviation (RSD) of 3.5% (n=8). The applicability of the proposed PR-BLMT method to interfering matrices was evaluated by successful transport of Fe (II) ions in different real water samples.
INTRODUCTION
Iron, as a ubiquitous element in the universe, seems to be the most important metal in forming earth and affecting biological systems [1] . Widespread applications of iron cause environment and drinking water to be polluted by its ions. Thus, its extraction, transport, purification and sensitive determination methods have been of continuing interest, in recent years. Atomic absorption spectrometry (AAS) [2, 3] , inductively coupled plasma atomic emission spectrometry (ICP-AES) [4, 5] , X-ray fluorescence (XRF) spectrometry [6] , arc/spark optical emission spectrometry (A/S-OES) [7] , cathodic stripping voltammetry (CSV) [8] and polarography [9] , as well as spectrophotometric are the most commonly used techniques for determination of iron [10] . However, spectrophotometric methods have some advantages over other mentioned techniques such as simplicity, availability, lowcost and reasonable selectivity and sensitivity.
Liquid membrane (LM) separation has been the subject of extensive investigations due to its advantages over solid membrane (SM) methods and liquid-liquid extraction (LLE) techniques, since its introduction in the 1960s [11] . LM is generally an organic solvent separates two miscible aqueous phases from each other, which are called donor (DP) and acceptor phases (AP). In suitable thermodynamic conditions at the interface of DP and LM, some components are transported from DP to LM. The reverse transport from LM to AP is also simultaneously occurred. Membrane separation is one of the important approaches used in analytical and industrial separations and specific transport of metal ions through liquid membranes is well known as the building block for many biological activities [12, 13] . Accordingly, expanding and development of effective methodologies to achieve selective transport of metal ions through liquid membranes have become significantly advantageous. Simplicity, high separation efficiencies, ambient temperature operation and modular construction of membrane transport technique have made it a desirable approach in various technologies such as simulation and modification of biochemical processes, removal of pollutants from water and wastewater, precious metal recovery, recovery of heavy metals from aqueous solutions and purification of chemicals [14] . Other significant benefits of membrane separation over the traditional procedures include high selectivity, low solvent and energy consumption, low capital and operating costs, high enrichment factor and high flux. Membrane separation combines extraction and stripping into a single step. It operates in non-equilibrium mass-transfer conditions and therefore its function is not limited to the equilibrium features [15] .
Despite the widespread application of membrane separation techniques, they suffer from some serious limitations such as inefficiency and low speed. Especially, selective transport of metal ions across LMs is too slow in particular (sometimes more than 24 hours) and inefficient in general [16] . DC potential-reinforced membrane separation or electro-membrane extraction (EME) is a simple, efficient, and cost-effective promising alternative to membrane transport. It has minimum environmental impact and its acceptor solutions are compatible with many of general analytical instruments [17] . The basics of this method rely on the electrically induced transfer of charged species from one aqueous solution (donor) into another aqueous solution (acceptor), across a thin layer of a water immiscible solvent (membrane). Two working electrodes are placed into the donor and acceptor solutions. Application of DC electric potential in EME significantly increases the extraction speed of ionic species. Compared to other extraction methods, additional extraction selectivity is achieved in EME, since only charged species can be transferred.
Several reports have been published in describing possible theoretical models for EME as well as numerous reports reviewed its latest instrumental developments and applications [18, 19] . Despite the technological advances in presenting more efficient techniques of liquid membrane transport, troubleshooting and eliminating drawbacks of the existing techniques would be the matter of extensive investigations. In this respect, the main objective of the present work is study of DC potentialreinforced bulk-liquid membrane transport (PR-BLMT) of iron ions using Fe (II)-1,10-phenanthroline complex (Fe-Phen), as a known simple model, and to enhance the efficiency and reduce transport time.
